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Applicability: This method is
applicable to the measurements of
emission rates of uranium when the
isotopic ratio of the uranium
radionuclides is well known. ASTM-E~
318(15), ASTM-D-2907(14).

3.1.8 Method A-8, Radon-222—
Continuous Gas Monitor.

Principle: Radon-222 is measured
directly in a continuously extracted
sample stream by passing the air stream
through a calibrated scintillation cell.
Prior to the scintillation cell, the air
stream is passed through a filter and if
needed a desiccant to remove
particulates and excess moisture. The
alpha particles from radon-222 and its
decay products strike a zinc sulfide
coating on the inside of the scintillation
cell producing light pulses. The light
pulses are detected by a photomultiplier
tube which generates electrical pulses.
These pulses are processed by the
system electronics and the read out is in
pCi/1 of radon-222

Applicability: This method is
applicable to the measurement of
radon~222 in effluent streams which do
not contain significant quantities of
radon-222. Ugers of this method should
calibrate the monitor in a radon
calibration chamber at lesat twice per
year. The background of the monitor
should also be checked periodically by
operating the instrument in a low radon
environment. EPA 520/1-86-04(24)

3.2 Methods of Gaseous Beta
Emitting Radionuclides.

3.21 Method B-1, Direct Counting in
Flow-Through Ionization Chambers.

Principle: An jonization chamber
containing a specific volume of gas
which flows at a given flow rate through
the chamber is used. The sample
{effluent stream sample) acts as the
counting gas for the chamber. The
activity of the radionuclide is
determined from the current measured
in the ionization chamber,

Applicability: This method is
applicable for measuring the activity of
a gaseous beta-emitting radionuclide
that is suitable as a counting gas, when
no other beta-emitting nuclides are
present, DOE/EP-0096(17), NCRP-58(23).

3.22 Method B-2, Direct Counting in
Flow-Through Chamber with Beta
Detectors.

A chamber of known volume which
contains a Geiger-Muller tube or other
beta detector is used. The effluent gas
stream passes through the chamber at a
given flow rate. The activity of the
radionuclide is determined from the beta
count rate.

Applicability: This method is
appropriate for measuring the activity of
a gaseous beta-emitting radionuclide
with a maximum energy greater than

0.2MeV (beta-max) when no other beta-
emitting nuclides are present.

3.3 Methods for Non-Gaseous Beta
Emitting Radionuclides.

3.3.1 Method B-3, Radiochemistry-
Beta Counting.

Principle: The element of interest is
separated from other elements, and from
the sample matrix by radiochemistry.
This may involve precipitation,
distillation, ion exchange, or solvent
extraction. Carriers (elements
chemically similar to the element of
interest) may be used. The element is
deposited on a planchet, and counted
with a beta counter. Corrections for
chemical yield, and decay (if necessary)
are made. The beta count rate
determines the total activity of all
radionuclides of the separated element.
This method may also involve the
radiochemical separation and counting
of a daughter element, after a suitable
period of ingrowth, in which case it is
specific for the parent nuclide.

Applicability: This method is
applicable for measuring the activity of
any beta-emitting radionuclide, with a
maximum energy greater than 0.2 MeV,
provided no other radionuclide is
present in the separated sample. APHA-
608(5).

3.3.2. Method B4, Direct Beta
Counting (Gross beta determination).

Principle: The sample, collected on a
suitable filter, is counted with a beta
counter. The sample must be thin
enough so that self-absorption
corrections can be made.

Applicability: Gross beta
measurements are applicable only to
radionuclides with maximum beta
particle energies greater than 0.2 MeV.
Gross beta measurements may be used
to measure emissions of specific
radionuclides only: (1) When it is known
that the sample contains only a single
nuclide, (2) measurements made using
Method B-3 show reasonable agreement
with the gross beta measurement and (3)
the effective dose equivalent from the
emissions does not exceed 10% of the
limits of the applicable standard. Gross
beta measurements are applicable to
mixtures of radionuclides only for the
purposes described in section 3.7.
APHA-802(4), ASTM-D-1890(10).

3.3.3 Method B-5, Liguid
Scintillation Spectrometry.

Pringiple: An aliquot of a collected
sample or the result of some other
chemical separation or processing
technique is added to a liquid
scintillation “cocktail” which is viewed
by photomultiplier tubes in a liquid
scintillation spectrometer. The
spectrometer is adjusted to establish a
channel or “window" for the pulse
energy appropriate to the nuclide of
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interest. The activity of the nuclide of
interest is measured by the counting rate
in the appropriate energy channel.
Corrections are made for chemical yield
where separations are made.

Applicability: This method is
applicable to any beta-emitting nuclide
when no other radionuclide is present in
the sample or the separated sample
provided that it can be incorporated in
the scintillation cocktail. This method is
also applicable for samples which
contain more than one radionuclide but
only when the energies of the beta
particles are sufficiently separated so
that they can be resolved by the
spectrometer. This method is most
applicable to the measurement of low-
energy beta emitters such as tritium and
carbon-14. APHA-609(6), EML-LV-
0539-17(19).

3.4 Gamma Emitting Radionuclides.

3.4.1 Method G-1, High Resolution
Gamma Spectromelry.

Principle: The sample is counted with
a high resolution gamma detector, either
a Ge(Li) or a high purity Ge detector,
connected to a multichannel analyzer or
computer. The gamma emitting
radionuclides in the sample are
measured for the gamma count rates in
the energy regions characteristic of the
individual radionuclide. Corrections are
made for counts contributed by other
radionuclides to the spectral regions of
the radionuclides of interest.
Radiochemical separations may be
made prior to counting but are usually
not necessary.

Applicability: This method is
applicable to the measurement of any
gamma emitting radionuclide with
gamma energies greater than 20 kev. It
can be applied to complex mixtures of
radionuclides. The samples counted may
be in the form of particulate filters,
absorbers, liquids or gases. The method
may also be applied to the analysis of
gaseous gamma emitting radionuclides
directly in an effluent stream by passing
the stream through a chamber or cell
containing the detector. ASTM-3649(9),
ID0O-12096(18).

3.4.2 Method G-2. Low Resolution
Gamma Spectromelry. .

Principle: The sample is counted with
a low resolution gamma detector, a
thallium activated sodium iodide
crystal. The detector is coupled to a
photomultiplier tube and connected to a
multichannel analyzer. The gamma
emitting radionuclides in the sample are
measured from the gamma count rates in
the energy regions characteristic of the
individual radionuclides. Corrections
are made for counts contributed by
other radionuclides to the spectral
regions of the radionuclides of interest.
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Radiochemical separation may be nsed
prior to counting to obtain less complex
gamma spectra if needed.

Applicability: This method is
applicable te the measurement of
gamma emitting radionuclides with
energies greater than 100 KeV. It can be
applied only to relatively simple
mixtures of gamma emitting
radionuclides. The samples counted may
be in the form of particulate filters,
absorbers, liquids or gas. The method
can be applied to the analysis of
gaseous radionuclides directly in an
effluent stream by passing the gas
stream through a chamber or cell
containing the detector. ASTM-D-
2459(12). EMSL-LV-0539-17(19).

3.4.3 Method G-3. Single Channel
Gamma Spectrometry.

Principle: The sample is counted with
a thallium activated sodium iodide
crystal. The detector ia coupled to a
photomultiplier tube connected to a
single channel analyzer. The activity of
a gamma emitting radionuclide is
determined from the gamma counts in
the energy range for which the counter
is set.

Applicability: This method is
applicable to the measurement of a
single gamma emitting radionuclide. It is
not applicable to mixtures of
radionuclides. The samples counted may
be in the form of particulate filters,
absorbers, liquids or gas. The method
can be applied to the analysis of
gaseous radionuclides directly in an
effluent stream by passing the gas
stream through 2 chamber or cell
containing the detector.

3.5 Counting methods. All of the
above methods with the exception of
Method A-5 involve counting the
radiation emitted by the radionuclide.
Counting methods applicable to the
measurement of alpha, beta and gamma
radiations are listed below. The
equipment needed and the counting
principles involved are described in
detail in ASTM-3648(8).

3.5.1 Alpha Counting:

* Gas flow proportional counters. The
alpha particles cause ionization in the
counting gas and the resulting electrical
pulses are counted. These counters may
be windowless or have very thin
windows.

o Scintillation counters. The alpha
particles transfer energy to a scintillator
resulting in a production of light photons
which strike a photomultiplier tube
converting the light photons to electrical
pulses which are counted. The counters
may involve the use of solid scintillation
materials such as zinc sulfide or liquid
scintillation solutions.

« Solid-state counters. Semiconductor
materials, such as silicon surface-barrier

p-n junctions, act as solid ionization
chambers. The alpha particles interact
with the detector producing electron
hole pairs. The charged pair is collected
by an applied electrical field and the
resulting electrical pulses are counted.

* Alpha spectrometers.
Semiconductor detectors used in
conjunction with multichannel analyzers
for energy discrimination.

3.5.2 Beta Counting:

o Ionization chambers. These
chambers contain the beta-emitting
nuclide in gaseous form. Either the
ionization current or the rate of charge
may be measured.

¢ Geiger-Muller (GM) counters- or
gas flow proportional counters. The beta
particles cause ionization in the
counting gas and the resulting electrical
pulses are counted. Proportional gas
flow counters which are heavily
shielded by lead or other metal, and
provided with an anti-coincidence
shield to reject cosmic rays, are called
low background beta counters.

» Scintillation counters. The beta
particles transfer energy to a scintillator
resulting in a production of light
photons, which strike a photomultiplier
tube converting the light photon to
electrical pulses which are counted. This
may involve the use of anthracene
crystals, plastic scintillator, or liquid
scintillation solutions with organic
phosphors.

e Liquid scintillation spectrometers.
Liquid scintillation counters which use
two photomultiplier tubes in coincidence
to reduce background counts. This
counter may also electronically
discriminate among pulses of a given
range of energy.

3.5.3 Gamuna Counting:

¢ Low-resolution gamma
spectrometers. The gamma rays interact
with a thallium-activated sodium jodide
or cesium iodide crystal resulting in the
release of light photons which strike a
photomultiplier tube converting the light
pulses to electrical pulses proportional
to the energy of the gamma ray. Multi-
channel analyzers are used to separate
and store the pulses according to the
energy absorbed in the crystal.

e High-resolution gamma
spectrometers. Gamma rays interact
with a lithium-drifted (Ge(Li)) or high-
purity germanium (HPGe}
semiconductor detector resulting in a
production of electron-hole pairs. The
charged pair is collected by an applied
electrical field. A very stable low noise
preamplifier amplifies the pulses of
electrical charge resulting from the
gamma photon interactions.
Multichannel analyzers or computers
are used to separate and store the
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pulses according ta the energy absorbed
in the crystal.

« Single channel analyzers. Thallium
activated sodium iodide crystals used
with a single window analyzer. Pulses
from the photomultiplier tubes are
separated in & single predetermined
energy range.

3.5.4 Calibration of counters.
Counters are calibrated for specific
radionuclide measurements using a
standard of the radionuclide under
either identical or very similar
conditions as the sample to be counted.

For gross alpha and beta
measurements of the unidentified
mixtures of radionuclides, alpha
counters are calibrated with a natural
uranium standard and beta counters
with a cesium~137 standard. The
standard must contain the same weight
and distribution of solids as the
samples, and be mounted in an identical
manner. If the samples contain variable
amounts of solids, calibration curves
relating weight of solids present to
counting efficiency are prepared.
Standards other than those prescribed
may be used provided it can be shown
that such standards are more applicable
to the radionuclide mixture measured.

3.6 Radiochemical methods for
selected radionuclides. Methods for a
selected list of radionuclides are listed
in Table 1. The radionuclides listed are
those which are most commenly used
and which have the greatest potential
for causing doses to members of the
public. For radionuclides not listed in
Table 1, methods based on any of the
applicable “principles of measurement”
described in section 3.1 through 3.4 may
be used.

3.7 Applicability of grass alpha and
beta measurements to unidentified
mixtures of radionuclides. Gross alpha
and beta measurements may be used as
a screening measurement as a part of an
emission measurement program to
identify the need to do specific
radionuclide analyses or to confirm or
verify that unexpected radionuclides are
not being released in significant
quantities.

Gross alpha (Method A-4} or gross
beta (Method B4} measurements may
also be used for the purpose of
comparing the measured concentrations
in the effluent stream with the limiting
“Concentration Levels for
Environmental Compliance” in Table 2
of Appendix E. For unidentified
mixtures, the measured concentration
value shall be compared with the lowest
environmental concentration limit for
any radionuclide which is not known to
be absent from the effluent stream.
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TABLE 1.—LIST OF APPROVED METHODS
FOR SPECIFIC RADIONUCLIDES

Radionuclide Approved methods of analysis
Am-241 A-1, A-2, A-3, A-4
Ar-41, ..i B-1, B-2, G-1, G-2, G-3
Ba-140 .| G-1, G-2, G-3
Br-82. .| G-1, G-2, G-3
C-11... .| B-1, B-2, G-1, G-2, G-3
C-14.... .| B~5
Ca—45. ...| B-3, B4, B-5
Co-144 . G-1, G-2, G-3
Cm-244 -] A1, A-2, A-3, A-4
Co-60... .| G-1, G-2, G-3
Cr-51.... .| G-1, G-2, G-3
Cs-134 .| G-1, G-2, G-3
Cs~137 .. G-1, G-2, G-3
Fe-55.. -..| B-5, G-1
Fe-59.. .| G-1, G-2, G-3
Ga-67. .| G-1, G-2, G-3
H-3 (H:0 .| B-5
H-3 (gas) .| B-1
1-123..... .| G-1, G-2, G-3
1-125 o] G-1
1-131..... .} G-1, G-2, G-3
In-113m .| G~1, G-2, G-3
Ir-192... .| G-1, G-2, G-3
Kr-85 ... .| B-1, B-2, G-1, G-2, G-3
Kr-87... .| B-1, B-2, G~1, G-2, G-3
Kr-88 ... .| 8-1, B-2, G-1, G-2, G-3
Mn-54.. .| G-1, G-2, G-3
Mo-99 .| G-1, G-2, G-3
N-13..... .| B-1, B-2, G-1, G-2, G-3
O-15. .{ B-1, B-2, G-1, G-2, G-3
P-32...... .| B-3, B4, 8-5
Pm-147 .| B-3, B-4, B-5
Po-210 .| A-1, A-2, A-3, A4
Pu-238 | A-1, A=2, A-3, A-4
Pu-239 o A1, A-2, A-3, A4
Pu-240 .| A-1, A-2, A-3, A4
8-35..... .| B-5
Se-75 ... .j G-1, G-2, G-3
Sr-90.... .| B-3, B-4, B-§

.| B-3, B4, B-5

Te~201 G-1, G-2, G-3
Uranium (total A-1, A4
alpha).
A-1, A3
G-1
.| G-1, G-2, G-3
G-1, G-2, G-3

4. Quality Assurance Methods

Each facility required to measure their
radionuclide emissions shall conduct a
quality assurance program in
conjunction with the radionuclide
emission measurements. This program
shall assure that the emission
measurements are representative, and
are of know precision and accuracy and
shall include administrative controls to
assure prompt response when emission
measurements indicate unexpectedly
large emissions. The program shall
consist of a system of policies,
organizational responsibilities, written
procedures, data quality specifications,
audits, corrective actions and reports.
This quality agsurance program shall
include the following program elements:

41 The organizational structure,
functional responsibilities, levels of
authority and lines of communications
for all activities related to the emissions

measurement program shall be
identified and documented.

4.2 Administrative controls shall be
prescribed to ensure prompt response in
the event that emission levels increase
due to unplanned operations.

4.3 The samples collection and
analysis procedures used in measuring
the emissions shall be described
including where applicable:

4.3.1 Identification of sampling sites
and number of sampling points,
including the rationale for site
selections.

4.3.2 A description of sampling
probes and representativeness of the
samples,

4.3.3 A description of any continuous
monitoring system used to measure
emissions, including the sensitivity of
the system, calibration procedures and
frequency of calibration.

434 A description of the sample
collection systems for each radionuclide
measured, including frequency of
collection, calibration procedures and
frequency of calibration.

4.3.5 A description of the laboratory
analysis procedures used for each
radionuclide measured, including
frequency of analysis, calibration
procedures and frequency of calibration.

4.3.6 A description of the sample
flow rate measurement systems or
procedures, including calibration
procedures and frequency of calibration.

4.3.7 A description of the effluent
flow rate measurement procedures,
including frequency of measurements,
calibration procedures and frequency of
calibration,

4.4 The objectives of the quality
assurance program shall be documented
and shall state the required precision,
accuracy and completeness of the
emission measurement data including a
description of the procedures used to
assess these parameters. Accuracy is
the degree of agreement of a
measurement with a true or known
value. Precision is a-measure of the
agreement among individual
measurements of the same parameters
under similar conditions. Completeness
is a measure of the amount of valid data
obtained compared to the amount
expected under normal conditions.

4.5 A quality control program shall
be established to evaluate and track the
quality of the emissions measurement
data against preset criteria. The program
should include where applicable a
system of replicates, spiked samples,
split samples, blanks and control charts.
The number and frequency of such
quality control checks shall be
identified.

4.6 A sample tracking system shall
be established to provide for positive
identification of samples and data
through all phases of the sample
collection, analysis and reporting
system. Sample handling and
preservation procedures shall be
established to maintain the integrity of
samples during collection, storage and
analysis.

4.7 Periodic internal and external
audits shall be performed to monitor
compliance with the quality assurance
program. These audits shall be
performed in accordance with written
procedures and conducted by personnel
who do not have responsibility for
performing any of the operations being
audited.

4.8 A corrective action program shall
be established including criteria for
when corrective action is needed, what
corrective actions will be taken and who
is responsible for taking the corrective
action.

4.9 Periodic reports to responsible
management shall be prepared on the
performance of the emissions
measurements program. These reports
should include assessment of the quality
of the data, results of audits and
description of corrective actions.

410 The quality assurance program
should be documented in a quality
assurance project plan which should
address each of the above requirements.
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Appendix B—[Amended]

15. By adding the following Method to
the list of method in Appendix B:

Method 115—Monitoring for radon-222
emissions

This Appendix describes the
monitoring methods which must be used
in determining the radon-222 emissions
from underground uranium mines,
uranium mill tailings piles,
phosphogypsum stacks, and other piles
of waste material emitting radon.

1. Radon-222 Emissions from
Underground Uranium Mine Vents

1.1 Sampling Frequency and
Calculation of Emissions. Radon-222
emissions from underground uranium
mine vents shall be determined using
one of the following methods:

1.11 Continuous Measurement.
These measurements shall be made and
the emissions calculated as follows:

(a) The radon-222 concentration shall
be continuously measured at each mine
vent whenever the mine ventilation
system is operational.

(b) Each mine vent exhaust flow rate
shall be measured at least 4 times per
year.

{c) A weekly radon-222 emission rate
for the mine shall be calculated and
recorded weekly as follows:

A,=CQiT: +C2Q1Tz+ . CgQ,T,

Where:

A, =Total radon-222 emitted from the mine
during week(Ci)

C,=Average radon-222 concentration in mine
vent i(Ci/m?)

Q,=Volumetric flow rate from mine vent
i(m?3/hr)

T;=Hours of mine ventilation system
operation during week for mine vent i(hr)

(d) The annual radon-222 emission
rate is the sum of the weekly emission
rates during a calendar year.

1.1.2 Periodic Measurement. This
method is applicable only to mines that
continuously operate their ventilation
system except for extended shutdowns.
Mines which start up and shut down
their ventilation system frequently must
use the continuous measurement method
described in Section 1.1.1 above.
Emission rates determined using
periodic measurements shall be
measured and calculated as follows:

(a) The radon-222 shall be
continuously measured at each mine
vent for at least one week every three
months.

(b) Each mine vent exhaust flow rate
shall be measured at least once during
each of the radon-222 measurement
periods.

{c) A weekly radon-222 emission rate
shall be calculated for each weekly
period according to the method
described in Section 1.1.1 In this
calculation T=168 hr.

(d) The annual radon-222 emission
rate from the mine should be calculated
as follows:

52— W,
A, = (Ami+Awma+ . . . Am
n
Where:
A,=Annual radon-222 emission rate from the
mine (Ci)
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A,;=Weekly radon-222 emission rate during
the measurement period i(Ci)

n=Number of weekly measurement periods
per year

W,=Number of weeks during the year that
the mine ventilation system is shut down
in excess of 7 consecutive days, i.e. the
sum of the number of weeks each
shutdown exceeds 7 days.

1.2 Test Methods and Procedures.
Each underground mine required to test
its emission, unless an equivalent or
alternative method has been approved
by the Administrator, shall use the
following test methods:

1.21 Test Method 1 of Appendix A
to Part 60 shall be used to determine
velocity traverses. The sampling point in
the duct shall be either the centroid of
the cross section or the point of average
velocity.

1.2.2 Test Method 2 of Appendix A
to Part 60 shall be used to determine
velocity and volumetric flow rates.

1.2.3 Test Method 6A of Appendix B,
Method 114 to Part 61 shall be used for
the analysis of radon-222.

2. Radon-222 Emissions From Uranium
Mill Tailings Piles

21 Measurement and Calculation of
the Mean Radon Flux.

211 Frequency of Flux
Measurements. Radon flux
measurements shall be performed on
uranium mill tailings piles after disposal
as described below. Additional
measurements shall be performed at any
time if the cover on the pile is disturbed
or erodes in a manner that could cause a
significant increase of the mean radon
flux of the pile.

21.2 Distribution and Number of
Flux Measurements. Radon flux
measurements shall be made at
approximately regularly spaced
locations over the surface of the tailings
pile. The minimum number of radon flux
measurements required to determine the
mean flux is 100 or two per acre
whichever is smaller.

2.1.3 Restrictions to Radan Flux
Measurements. The following
restrictions are placed on making radon
flux measurements:

(a) Measurements shall not be
initiated within 24 hours of a rainfall.

{b) If a rainfall occurs during the 24-
hour measurement period, the
measurement is invalid if the seal has
washed away or if the collector is
surrounded by water.

{c) Measurements shall not be
performed if the ambient temperature is
below 35°F or if the ground is frozen.

21.4 Radon Flux Measurements.
Measuring radon flux involves the
adsorption of radon on activated
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charcoal in a large-area collector. The
radon collector is placed on the surface
of the tailings pile area to be measured
and allowed to collect radon for a time
period of 24 hours. The radon collected
on the charcoal is measured by gamma-
ray spectroscopy. The detailed
measurement procedure provided in
Appendix A of EPA 520/5-85-029(1)
shall be used to measure the radon flux
on the tailings piles, except the surface
of the tailings pile cover shall not be
penetrated by the lip of the collector as
directed in the procedure, rather the
collector shall be carefully positioned on
a flat surface with soil or fine sand,
containing no more than background
quantities of radium-226, used to seal
the edge. .

2.1.5 Calculations. The radon flux
calculations shall be made as provided
in Appendix A of reference EPA86(1).
The mean radon flux for the uranium
mill tailings pile shall be calculated by
summing all individual flux
measurements and dividing by the total
number of flux measurements.

2.1.8 Reporting. The results of
individual flux measurements, the
approximate measurement locations on
the tailings pile, and the mean radon
flux shall be included in the emission
test report. Any condition or unusual
event that occurred during the
measurements that could significantly
affect the results shall also be reported.

3.0 Radon-222 Emissions From
Phosphogypsum Stacks

3.1 Measurement and Calculation of
the Mean Radon Flux. Radon flux
measurements shall be made on
phosphogypsum stacks as described
below:

3.1.1 Distribution and number of flux
measurements. The distribution and
number of radon flux measurements
required on a stack will depend on
clearly defined areas of the stack (called
regions) that can have significantly
different radon fluxes due to surface
conditions. The mean radon flux shall
be determined for each individual region
of the stack. Regions that shall be
considered are:

(a) Water covered areas,

(b) Water saturated areas (beaches),

{c) Loose and dry top surface areas,

(d) Hard-packed roadways, and

(e) Sides.

3.1.2 Number of flux measurements.
Radon flux measurements shall be made
within each region on the
phosphogypsum stack, except for those
areas covered with water.
Measurements shall be made at
regularly spaced locations across the
surface of the region, realizing that
surface roughness will prohibit

measurements in some areas of a region.

The minimum number of flux
measurements considered necessary to
determine a representative mean radon
flux value for each type of region is:

(a} Water covered area—no
measurements required as radon flux is
assumed to be zero,

(b) Water saturated beaches—50
radon flux measurements,

(c) Loose and dry top surface—100
radon flux measurements,

(d) Hard-packed roadways—=50 radon
flux measurements, and

(e) Sides—100 radon flux
measurements.

A minimum of 300 measurements are
required. A stack that has no water
cover can be considered to consist of
two regions, top and sides, and will
require a minimum of only 200
measurements.

3.1.3 Restrictions to radon flux
measurements. The following
restrictions are placed on making radon
flux measurements:

(a) Measurements shall not be
initiated within 24 hours of a rainfall.

(b) If a rainfall occurs during the 24
hour measurement period, the
measurement is invalid if the seal
around the lip of the collector has
washed away or if the collector is
surrounded by water.

(c) Measurements shall not be
performed if the ambient temperature is
below 35°F if the ground is frozen.

3.1.4 Areas of stack regions. The
approximate area of each region of the
stack shall be determined in units of
square meters.

3.1.5 Radon flux measurements.
Measuring radon flux involves the
adsorption of radon on activated
charcoal in a large-area collector. The
radon collector is placed on the surface
of the stack area to be measured and
allowed to collect radon for a time
period of 24 hours. The radon collected
on the charcoal is measured by gamnma-
ray spectroscopy. The detailed
measurement procedure provided in
Appendix A of EPA 520/5-85-0029(1)
shall be used to measure the radon flux
on phosphogypsum stacks, except the
surface of the phosphogypsum shall not
be penetrated by the lip of the radon
collector as directed in the procedure,
rather the collector shall be carefully
positioned on a flat surface with soil or
phosphogypsum used to seal the edge.

3.1.6 Calculations. The mean radon
flux for each region of the
phosphogypsum stack and for the total
stack shall be calculated and reported
as follows:

(a) The individual radon flux
calculations shall be made as provided
in Appendix A EPA 86 (1). The mean
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radon flux for each region of the stack
shall be calculated by summing all
individual flux measurements for the
region and dividing by the total number
of flux measurements for the region.

(b) The mean radon flux for the total
phosphogypsum stack shall be
calculated as follows:

LA + LA + A
A,

Where:

Js=Mean flux for the total stack (pCi/m%s)
Ji=Mean flux measured in region i(pCi/m™s)
A;=Area of region i(m?%)

A,=Total area of the stacks

3.1.7 Reporting. The results of
individual flux measurements, the
approximate locations on the stack, and
the mean radon flux for each region and
the mean radon flux for the total stack
shall be included in the emission test
report. Any condition or unusual event
that occurred during the measurements
that could significantly affect the results
should be reported.

4.0 References.

(1) Hartley, J.N. and Freeman, H.D.,
“Radon Flux Measurements on
Gardinier and Royster Phosphogypsum
Piles Near Tampa and Mulberry,
Florida,” U.S. Environmental Protection
Agency Report, EPA 520/5-85-029,
January 1986.

16. By adding the following Appendix
D to Part 61:

Appendix D—Estimated Emissions
Methods for Estimating Radionuclide
Emissions

1. Purpose and Background

Facility owners or operators may
estimate radionuclide emissions to the
atmosphere for dose calculations
instead of measuring emissions.
Particulate emissions from mill tailing
piles should be estimated using the
procedures listed in reference #2. All
other emissions may be estimated by
using the “Procedures"” listed below, or
using the method described in reference
#1. '

2. Procedure

To estimate emissions to the
atmosphere:

(a) Determine the amount (in curies)
used at facilities for the period under
consideration. Radioactive materials in
sealed packages that remain unopened,
and have not leaked during the
assessment period should not be
included in the calculation.

{b) Multiply the amount used by the
following factors which depend on the
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physical state of the radionuclide. They
are:

(i) 1 for gases;

(i) ~* for liquids or particulate solids;
and

(iii) 107 ¢ for solids.

If any nuclide is heated to a
temperature of 100 degrees Celsius or
more, boils at a temperature of 100
degrees Celsius or less, or is
intentionally dispersed into the
environment, it must be considered to be
a gas.

(c) If a control device is installed
between the place of use and the point
of release, multiply emissions from (b}
by an adjustment factor. These are
presented in Table 1.

TABLE 1.—ADJUSTMENT TO EMISSION FACTORS FOR EFFLUENT CONTROLS

Adjustment
Controls Types of radionuclides controlled factor to Comments and conditions
emissions
HEPA Filters Particulates 0.01 | Not applicable to gaseous radionuclides; peri-
odic testing is prudent to ensure high re-
moval efficiency.
Fabric Filter Particulates 0.1 | Monitoring would be prudent to guard against
tears in filter.
Sintered Metal Particulates 1 Insufficient data to make recommendation.
Activated Carbon Fiiters lodine Gas 0.1 | Efficiency is time dependent; monitoring is
necessary to ensure effectiveness.
Douglas Bags: Held 1 wesk or longer for decay Xenon (1) 0.5 | Based on xenon half-lite of 5.3 days;
Released within 1 week Xenon 1 Provides no reduction of exposure to general
public.
Venturi Scrubbers Particulates 0.05 | Although venturis may remove gases, variabifi-
Gases. 1 ty in gaseous removal efficiency dictates
adjustment factor for particulates only.
Packed Bed Scrubbers Gases 0.1 | Not applicable to particulates.
Electrostatic Precipitators Particulates 0.05 | Not applicable for gaseous radionuclides.
Xenon Traps Xenon 0.1 | Efficiency is time dependent; monitoring is
necessary to ensure effectiveness.
Fume Hoods All 1 Provides no reduction to general public expo-
sures.
Vent Stacks Al 1 Generally provides no reduction of exposure
to general public.
! Per week.
References

(1) Environmental Protection Agency, “A
Guide for Determining Compliance with the
Clean Air Act Standards for Radionuclides
Emissions from NRC-Licensed and Non-DOE
Federal Facilities”, EPA 5201/1-89-002,
January 1989.

(2) Nuclear Regulatory Commission,
“Methods for Estimating Radioactive and
Toxic Airborne Source Terms for Uranium
Milling Operations”, U.S. Nuclear Regulatory
Commission Regulatory Guide 3.59, March
1987.

17. By adding the following Appendix
E to Part 61:

Appendix E—Compliance Procedures
Methods for Determining Compliance
With Subpart I

1. Purpose and Background

This Appendix provides simplified
procedures to reduce the burden on
Nuclear Regulatory Commission (NRC)
licensees, and non-Department of
Energy Federal facilities in determining
compliance with 40 CFR Part 61, Subpart
1. The procedures consist of a series of
increasingly more stringent steps,
depending on the facility’s potential to
exceed the standard.

First, a facility can be found in
compliance if the quantity of radioactive
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material possessed during the year is
less than that listed in a table of annual
possession quantities. A facility will
also be in compliance if the average
annual radionuclide emission
concentration is less than that listed in a
table of air concentration levels. If the
facility is not in compliance by these
tables, it can establish compliance by
estimating a dose using screening
procedure developed by the National
Council on Radiation Protection and
Measurements with a radiological
source term derived using EPA approved
emission factors. These procedures are
described in a “Guide for Determining
Compliance with the Clean Air Act
Standards for Radionuclide Emissions
From NRC-Licensed and Non-DOE
Federal Facilities.”

A user-friendly computer program
called COMPLY has been developed to
reduce the burden on the regulated
community. The Agency has also
prepared a “User’s Guide for the
COMPLY Code" to assist the regulated
community in using the code, and in
handling more complex situations such
as multiple release points. The basis for
these compliance procedures are
provided in “Background Information
Document: Procedures Approved for
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Demonstrating Compliance with 40 CFR
Part 61, Subpart 1", The compliance
model is the highest level in the
COMPLY computer code and provides
for the most realistic assessment of dose
by allowing the use of site-specific
information.

2. Table of Annual Possession Quantity.

{a) Table 1 may be used for
determining if facilities are in
compliance with the standard. The
possession table can only be used if the
following conditions are met:

(i) No person lives within 10 meters of
any release point; and

(ii) No milk, meat, or vegetables are
produced within 100 meters of any
release point.

(b) All restrictions on selecting the
physical state of the radionuclide from
section 61.103 apply to section 61.104. (c)
If the quantity of any radionuclide
possessed annually is less than the
value listed in Table 1, the facility is in a
compliance. If a facility uses multiple
radionuclides, and the sum of the
amount of each used annually divided
by the limit from Table 1 is less than
unity, then the facility is in compliance.
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TABLE 1.—ANNUAL POSSESSION QUANTI}-
TIES FOR ENVIRONMENTAL COMPLIANCE

Annual possession quantities (Ci/yr)
Radionu-
Y uid/
clide Gafs:r%l:s ! pL:)qwder Solid form
) form
Ag-110m...... BE-05 8E-02 8E+01
Am-241 2E-07 2E-04
1E+00 E
4E-02 4E+01
2E-03 2E+00
3E-01 3E+02
1E-03 1E+00
3E-06 3E-03
1E-05 1E-02
5E-02 SE+01
4E-05 4E-02
2E-05 2E-02 2E+01
1E-05 1E-02 1E+01
1E-03 1E+00 1E403
1E-01 1E+02 1E+05
1E-06 1E-03 1E400
8E+00 8E+03 8E+08
2E-03 2E+00 2E+03
2E-01 2E+02 2E+05
4E-03 4E+00 4E+03
4E-01 4E +02 4E 405
5E-03 SE+00 SE+03
6E-03 6E+00 6E+03
2E+00 2E-+03 2E+06
8E-04 8E-01 8E+02
6E-05 6E-02 6E+01
7E+03
5E+02
8E+00
2E4-00
2E-04 2E-01 2E+02
7E-02 7E4+01 7E-04
2E-02 2E+01 2E+04
2E-03 2E+00 2E+03
3E-01 3E+02 JE+05

! Radionuclides boiling at 100 °C or less, or ex-
posed to a temperature of 100 °C or more, must be
considered to be a gas.

* Mo-99 contained in a

nerator to produce tech-
netium-99 can be assum i

to be a solid.

TABLE 1.—ANNUAL POSSESSION QUANTI-
TIES FOR ENVIRONMENTAL COMPLIANCE
(CONTINUED)

Annual possession quantities (Cr/yr)
Radionu- A
: Liquid
clide Gaseous
der Solid form
fom | o
5E-03 5E+00 5E+03
S5E-05 5E-02 SE+01
9E-05 9E-02 8E+01
3E-03 3E+00 3E+03
3E-02 3E+00 3E+04
5E-04 5E-01 5E€+02
3E-04 3E-01 3E+02
1E-03 1E+00 1€+03
2E-03 2E+00 2E+03

TABLE 1.—ANNUAL POSSESSION QUANTI-
TIES FOR ENVIRONMENTAL COMPLIANCE
(CONTINUED)—Continued

Annual possession quantities (Cr/yr)
Radionu-
clide Gaseous Liquid
der Solid form
formt | P
2E-03 2E+00 2E+403
8E-04 8E-01 8E+02
1E-03 1E+00 1E+03
1E+00 1E+03 1E+08
8E-02 9E+01 9E+04
4E+01
5E+01
6E-00
3E-04~ 3E-0t 3E+02

1 Radionuclides boiling at 100 °C or less, or ex-
posed to a temperature of 100 °C or more, must be
considered to be a gas.

3. Table of Concentration Levels

(a) Table 2 may be used for
determining if facilities are in
compliance with the standard.

1. The concentration table can only be
used if all releases are from point
sources and concentrations have been
measured using EPA-approved methods,
and the distance between each stack or
vent and the nearest resident is greater
than 3 times the diameter of the stack or
vent.

2. If the concentration of any
radionuclide released from the facility is
less than the value listed in Table 2, the
facility is in compliance. If a facility
releases multiple radionuclides, and the
sum of the concentration of each
radionuclide divided by its limiting
concentration from Table 2 is less than
unity, then the facility is in compliance.

4. NCRP Screening Model

The procedures described in National
Council on Radiation Protection and
Measurement Commentary No. 3
“Screening Techniques for Determining
Compliance with Environmental
Standards” may be used to determine
the dose to members of the general
public from emissions of radionuclides
to the atmosphere.

5. The COMPLY Computer Code

The COMPLY computer code may be
used to determine compliance with
Subpart I. The compliance model in the
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COMPLY computer code may be used to
determine the dose to members of the
general public from emissions of
radionuclides to the atmosphere. The
compliance model contains more
radionuclides than the current version of
NCRP Commentary No. 3.

TABLE 2.—CONCENTRATION LEVELS FOR
ENVIRONMENTAL COMPLIANCE

: Concentra- Concen-
Radionu- Radionu- f §
clide “:,}f" clide "a“,‘,’,';)‘c"
Ag-110m...... 7E-14 7E-07
Am-241 ., 2E-15 1E-08
1E-09 3E-09
1E-11 2E-13
1E-12 BE-12
....... 4E-12 2E-11
7E-13 2E-12
4E-15 1E-11
2E-14 7E-14
S5E-11 3E-15
2E-14 8E-15
2E-14 2E-12
2E-14 SE-13
BE-13 4E-13
8E-11 4E-13
2E-14 4E-13
4E-09 S5E-13
2E-12 BE-13
2E-11 2E-14
9E-14 1E-13
5E-10 2E-13
9E-14 2E-9
3E-9 2E-11
3E-09 S5E-8
8E-13 7E-9
3E-14 1E-8
9E-06 7E-14

6. References

(1) Environmental Protection Agency, “A
Guide for Determining Compliance with the
Clean Air Act Standards for Radionuclides
Emissions from NRC-Licensed and Non-DOE
Federal Facilities”, EPA 5201/1-89-002,
January 1988.

(2) Environmental Protection Agency,
“User's Guide for the COMPLY code”, EPA
520/1-88-003, January 1989.

(3) Environmental Protection Agency,
“Background Information Document:
Procedures Approved for Demonstrating
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